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Abstract: Of all the disasters that occur in the world, 
floods are most common among them. Out of several other 
types of flood, urban flood (flood in urban area) is 
increasing day by day with the various effects of climate 
change which includes increasing rate of rainfall and 
alteration of temperature also. The scenario of this disaster 
also aggravated by the rate of human intervention that is 
urbanisation, concretisation of spaces and deforestation. 
Being the seventh most populous city (2014) in India 
Kolkata is of no exception. On the top of that, cursed with 
a particular pattern of city shape Kolkata is always prone 
to flooding. This city has a major history of urban flood, 
the last one being experienced was in 2016. This paper 
aims to analyse the factors responsible for the incident 
with special reference to rainfall pattern and suggest some 
suitable measures to adopt. 
Keywords: Urban Flood, Rainfall in Kolkata, 
Water logging. 
Introduction: 
Floods are the most frequent among all the disasters 
which cause widespread devastation (Jha. et al., 
2012). Flood can occur anywhere in rural villages 
near Indus River to urban areas like Sendai, 
Brisbane, New York, Bangkok, Jakarta, Karachi 
(Jha et al., 2012) but as the highest concentration of 
population and properties are higher in urban areas 
the loss is greater. Earlier the cities used to face 
heavy water logging but, in these days, Urban 
Floods are becoming increasingly familiar events in 
an extraordinary manner in all the metropolitan 
cities, especially in the Asian cities 
(Dasgupta.,2012). The trend of increasing urban 
floods are associated with the climate change (De. 
Et al., 2013). As the name suggests, it is the influx 
of huge amount of water due to torrential rainfall, at 
times may be associated with the extreme events like 
cyclones but the main cause behind this is the 
unplanned growth of urban centres, excessive rate of 
concretisation, creation of slums, development 
beyond the natural flood barrier, poorly maintained 
sanitation and so on. If the various authentic reports 
are followed on the climate change of Asian cities 
then it can be summarised as - 
 An increasing trend of climatic extreme events 
will be witnessed. (WMO, 2009: IPCC, 2007) 
 The cities in the low-lying delta of Asia will be 
experiencing climatic changes more. (IPCC, 
2007) 
 The people dwelling in slums and shanties will 
be affected most by this climate change. 
(IPCC,2007) 
 In last five years Indian cities have experienced 
a huge amount of urban flooding – Chennai 
(2015) Srinagar (2014), Mumbai and Kolkata 
(2013) (Krishna.et al., 2016). 
 
Literature Review: 
For the proposed area of work, in this topic only a 
few papers have been published focussing on the 
various climatic factors and socio-economic factors 
like population pressure, length of the road, amount 
of rainfall and water flow and the application of GIS 
was also found there. In a Broader sense a few books 
and reports are published internationally to give an 
overall view of the concept and the mitigation 
strategies of urban floods.  
The book ‘Cities and Flooding A Guide to 
Integrated Urban Flood Risk Management for 
the 21st Century’ (2010) by Abhas K Jha Robin 
Bloch Jessica Lamond of GFDRR (Global Facility 
for Disaster Reduction and Recovery, World Bank) 
gives a detailed scenario of the causes, measures 
(structural and non-structural), the importance of 
decision making process and capacity building and 
promotes the concept of integrated flood risk 
management. 
The paper ‘Urban flood Disaster Management’ 
(2009) by T. Tingsanchali talks about the urban 
flood scenario in Thailand with a new approach of 
four cyclic stages in urban flood risk reduction and 
also focuses on the integrated approach of 
mitigation. 
The book ‘Integrated Flood Management Tools 
Series Urban Flood Management in A Changing 
Climate’(2012) by The Associated Programme on 
Flood Management (APFM) shows  the ultimate 
impact of climate change on urban flood, the 
management and the limiting factors regarding the 
implementation of urban flood management. 
The paper ‘The Role of Climate Change in Urban 
Flood Management Today’(2011) by Nicola 
Ranger & Ana Lopez gives focus on the impact of 
the climate change and urban flood risk, 
uncertainties in future flood hazard projections, 
implications for urban flood management planning 
and the principles for dealing with uncertainty. 
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In the document ‘Urban Flooding and 
Management’ (2010) by NIDM(National Institute 
of Disaster Management) , a clear definition, 
classification, causes and mitigation of urban floods 
are given with a special case study of New Delhi. 
In the report ‘Urban Flooding: Standard 
operating procedure (2010) ‘by Town and Country 
Planning Commission by Ministry of Urban 
Development, India there is strong emphasis given 
on the mitigation procedures and the role of various 
urban administrative bodies to mitigate the flood. 
The document ‘Urban flooding’ (September, 2016) 
by the National Institute of Urban affairs shows the 
general causes and impacts of urban flood and 
specially it has held all the major events of urban 
floods in the metro cities in India. 
‘Management of Urban Flooding’ 
(September,2010) by NDMA (National Disaster 
Management Authority), has talked about the 
scenario of urban flooding in India, the institutional 
frameworks, the early warning systems of urban 
flood, the response and the awareness among the 
mass and their capacity building programmes. This 
book has given a priority on the urban drainage 
system. 
In the paper ‘Urban Floods in India’ (2016) by 
Farhat Rafiq, Sirajuddin Ahmed, Shamshad Ahmad, 
Amir Ali Khan, the major flood events of the metro 
cities are found along with their location-specific 
causes and it has given a very structural 
representation of the causes and the consequences of 
urban flood. 
‘Why Urban India Floods’ (2016) –a Down to 
Earth publication has shown a very schematic and 
pictorial representation of urban floods and its future 
threats in various states of India starting from 
Jammu and Kashmir to Karnataka. 
In the paper ‘Urban flooding in Recent Decades in 
Four Mega Cities of India’ (2013) by U.S. De, G. 
P. Singh and D. M. Rase, a detailed data of rainfall 
for the cities of Mumbai, Chennai, Kolkata and 
Delhi since 1976 to 2006 has been analysed and it 
has given importance on the casualties caused by the 
flooding since the year 1988 to 2007. 
In the paper ‘Urban floods in Bangalore and 
Chennai: risk management challenges and 
lessons for sustainable urban ecology’ (2011) by 
Anil K. Gupta and Sreeja S. Nair has given a vivid 
idea about the problems of urban drainage, land use 
change, excessive growth of population and waste 
disposal as the causes of urban flooding and talks 
about the structural and non-structural measures of 
the urban floods in Bangalore and Chennai. 
The paper ‘Urban Flooding – Case Study of 
Hyderabad’(2013) by Zameer Ahmed, D. Ram 
Mohan Rao  , Dr.K.Ram Mohan Reddy , & Dr. Y. 
Ellam Raj shows the causes the urban flood in the 
city of Hyderabad and its measures since the grass 
root level like the role of home owners. 
In the book ‘Urban Flood Risk Management’ 
(2008) by WMO/GWP (World Meteorological 
Organization and Global Water Partnership) 
associated Programme on Flood Management the 
aspects like causes of urban floods, and the various 
components of Integrated Urban Flood 
Managements were discussed. 
In the paper, ‘Urban Flooding in A Changing 
Climate: Case Study of Kolkata, India’ (2012) by 
Susmita Dasgupta, Subhendu Roy and Maria Sarraf, 
the specific causes of urban flooding in Kolkata, the 
analysis of the scenario by various models and 
sector wise (residential, health, industry) loss were 
assessed. 
The paper ‘Seasonal Water Logging Problem in A 
Mega City: A Study of Kolkata, India’ (2016) by 
Ria Roy, Md Kutubuddin Dhali talks about the 
geographical locational extent of the city Kolkata 
which gets inundated and its possible causes, the 
characters of the canals and its impact on traffic and 
road. It also gives an idea of the future plans of the 
city regarding setting up of new pumping stations 
and sewage systems.  
Objectives: 
1. To identify the causes and analyse the scenario of 
urban flood in KMC Area. 
2. To suggest remedial measures for the reduction of 
the occurrences of floods. 
A brief Introduction of the study Area: 
For this study the Kolkata Municipal 
Corporation area Kolkata (22˚ 28’ N to 22 ˚37’ 30’’ 
N and 88˚ 17’ 30’’ E to 88˚ 25’ E) is selected but for 
parameters like drainage, roads the map of Kolkata 
Metropolitan Area is needed to be studied. As the 
record of year 2016 is concerned, Kolkata 
Metropolitan Area (KMA) holds a population of 
5,017,208 (5 million) in an area of 1851 square 
kilometre and within that proper KMC region is of 
185 square kilometres being divided into 144 wards. 
Genetically Kolkata is cursed with a situation which 
may facilitate urban flooding. This city has a 
moderate tropical wet and dry climate with an 
average temperature of 26.8˚C though it ranges from 
19˚C- 30˚C. The average rainfall is 1614 mm where 
75% of the rainfall occurs between June to 
September (Dasgupta et al., 2012). Kolkata is 
mainly divided into nine drainage basins- three of 
them are serving the Western portion and rest of 
them caters the eastern Kolkata. There are eleven 
sluice gates on the river Hooghly which prevents the 
high tidal influx during the extreme events and 
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flooding in the sewer system of the city (Dasgupta 
et al., 2012). 
Though water logging has been a major 
problem in each and every monsoon but Kolkata has 
a record of major urban flooding in the successive 
years of 1970, 1978, 1984, 1999, 2007, 2016 
inundating the areas of dense or moderately 
population in the central Kolkata like Bidhan 
Sarani, Central Avenue, Sealdah, Amharst street, 
Bow bazar, Suryasen street, park street, park circus 
connector and its associated area and towards the 
part of south including Behala, Jadavpur, Griahat, 
Deshapriya Park. (Dasgupta. et al., 2012) 
Map. 1: Major Water-Logged Pockets in KMC Region 
                       
Source: Kolkata Municipal Corporation, 2011 
Causes of the Urban flood in KMC: 
The Causes are divided into four categories. 
Physical:  
The factors responsible are: Flat and low-lying city in coastal area (MSL ranges from 1.5 metre to 11 metre), 
River Hooghly on the West and Wetland in the East, Many Natural Depressions, Active Clay Layer, (Sengupta 
P., 2012), Prone to climatic extreme events. 
Governance:  
The drainage system of Kolkata is the oldest one perhaps (Gupta. 2005) - no improvement after that has forced 
this city into an even worse condition. Else, High amount of siltation, Improper sewer system, Unscientific canals 
building and less dredging of them. 
Map no.2: Drainage structure of Kolkata Municipal Corporation 
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Source: http://wbiwd.gov.in/skin/applications/map/pumping.htm 
Anthropogenic: The Population pressure, Urbanisation and huge amount of concretisation, Destruction of natural 
vegetal cover, Degeneration of wetlands and natural water bodies and Problems in attitude and awareness in mass 
has triggered the problems of urban flooding. 
Climatic: Climate change (though direct effects are not witnessed yet but prediction is there) can also be proved 
fatal for the future.( Kolkata Climate Change Cell, 2011) 
 
Severity of the Scenario in the city of Kolkata:                               
There is a basic difference in the terminologies like ‘Urban Flood’ and ‘Water Logging’, the former one being the 
abrupt event and higher in the scale of severity where the later one is the recurrent and occurs in much lesser 
magnitude. The major three aspects which are considered here as prime factors in urban flood are-rainfall, 
waterlogging and urbanisation. The scenario of Rainfall being the most important one is being analysed first. 
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Source: Indian Water Portal and Indian Meteorological Department, computed by Author 
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After Some Statistical Observations, 
Table1: Summary Statistics of the Total Rainfall 
     
 
Mean 1610.734 
Standard Error 26.46877 
Median 1568.04 
Mode #N/A 
Standard Deviation 285.0773 
Sample Variance 81269.08 
Kurtosis 0.227288 
Skewness 0.626571 
Range 1428.02 
Minimum 1017.28 
Maximum 2445.3 
Sum 186845.1 
Count 116 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Indian Water Portal and IMD 
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Trend Analysis of the Years Having Rainfall more than the Mean Value
2
0
2
1
      
Year 
            Total Rainfall (in mm) 
1956 1749.686 
1959 1787.567 
1968 1929.753 
1970 1883.415 
1971 2289.753 
1973 1840.869 
1974 1689.052 
1977 1870.076 
1978 2326.694 
1981 1605.499 
1984 2022.697 
1986 1987.581 
1987 1664.697 
1988 1797.506 
1990 2169.21 
1991 1761.296 
1993 2235.424 
1994 1652.833 
1995 1721.142 
1997 1826.394 
1998 1729.325 
1999 2067.181 
2002 1658.847 
2005 1896 
2006 2020 
2007 2341 
2008 1949 
2012 1668.6 
2013 2445.3 
2015 1894.1 
2016 1688.9 
 
If the mean of the total Rainfall is 
rounded off at 1600 mm., then these 
are the years where the rainfall has 
recorded more than the average. 
(Table2) 
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The city of Kolkata gets highly water logged in the seasonal and non-seasonal rains. Even when a drizzle takes place the 
whole traffic systems get stuck thus hampering the daily social life. 
Table 3: Water Depth during Water Logging period 
 
                                  Table 4: Amount of Water Flow during Water Logging Period 
                         
3.The rate of concretisation is high and increasing making the amount of urban run-off larger. 
(India Spend Team: http://www.indiaspend.com/cover-story/how-indian-cities-are-being-shorn-of-trees-67909, 
December, 2017) 
 
Projection of the Urban Area in KMA(Kolkata Metropolitan Area) in 2020 and 2030 
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4.As the impact of climate change the city of Kolkata will be experiencing more rainfall and extreme events. 
(Kolkata Climate Change cell, 2011) 
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Some Remedial Measures: 
                Remedial Measures has always included 
two kinds of measures -a) structural, b) non-
structural. As Kolkata is built up a city it is quite 
impossible to alter any structure. Whatever be the 
remedial measures it has to take within the existing 
structure. The first and the foremost structural 
measure is to take up the clean up the sewer drains 
and rain water drainage system regularly and most 
importantly to make it separate. As increasing 
pattern of rainfall is inducing the tendency for 
occurrences of urban flood so urban roof top 
farming, making of urban farms or urban forestry 
can help as the measures of reducing rainfall as a 
sign of climate change. Permeable Pavements can 
also be a measure. Most importantly to preserve the 
natural water bodies and making artificial water 
bodies to retain water. As the non-structural 
measures are concerned the people should make 
aware about the causes and the losses of urban flood 
so that they can protect themselves and awareness 
campaigns, workshops should be done.   
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